To investigate the evolutionary dynamics of rabies virus (RABV) in China, we collected and sequenced 55 isolates sampled from 14 Chinese provinces over the last 40 years and performed a coalescent-based analysis of the G gene. This revealed that the RABV currently circulating in China is composed of three main groups. Bayesian coalescent analysis estimated the date of the most recent common ancestor for the current RABV Chinese strains to be 1412 (with a 95 % confidence interval of 1006-1736). The estimated mean substitution rate for the G gene sequences (3.961¾10
Rabies has become an important public health concern in countries in Asia and Africa. It is estimated that this disease is responsible for over 55 000 human deaths annually, of which approximately 56 % occur in Asia and 44 % in Africa (WHO, 2005) . Rabies was first described in China in about 556 BC and has been continually reported for the following 2500 years (Wang & Huang 2001) . Between 1950 and , a total of 108 412 human rabies cases were reported (Zhang et al., 2005) . Now China has the second highest number of human HBV cases in the world after India (Tang & Li, 2005) ; in 2007 alone, the total case numbers were 3302, with particularly high incidence in southern and eastern regions. Zhang et al. (2006) and Meng et al. (2007) previously studied the molecular epidemiology of rabies virus (RABV) in China and identified three main phylogenetic groups of street viruses that clustered with strains from Indonesia and Thailand/Malaysia and the cosmopolitan lineage that includes many vaccine strains. Although closely related viruses were often recovered from particular regions, in some provinces, such as Hunan, Guizhou and Guangxi (Zhang et al., 2006; Liu et al., 2007) , samples yielded isolates from two or more main groupings, indicating that substantial movement and mixing of strains was occurring in these regions. Extensive migration of humans and their associated animals in recent times is likely to have contributed to this pattern. However, little is known about the evolutionary dynamics of either grouping.
In recent years, many computational methods have been developed to estimate the rate of nucleotide substitution and apply non-clock-like models to viral nucleotide sequence data. Many of the most popular methods adopt Bayesian techniques using Markov Chain Monte Carlo (MCMC) methods to estimate substitution rates and dates of ancestors for groups of sequences when date information is available (Drummond et al., 2002 (Drummond et al., , 2003 . These methods have already been successfully applied to the analysis of RABV sequences (Davis et al., 2006; Hughes et al., 2004 Hughes et al., , 2005 .
The G gene, which is the major target for neutralizing antibody (Badrane et al., 2001) , tends to exhibit higher rates of amino acid substitutions (Holmes et al., 2002; Davis et al., 2005) . In this study, we used Bayesian MCMC methods to analyse sequences from the highly variable G gene of RABV to determine phylogenetic relationships. By using G gene data collected over several years from almost all regions that had experienced cases of rabies, we investigated the evolution of RABV variants and determined the population history of RABV circulating in China.
A total of 55 complete G gene sequences (1572 nt) isolated from four hosts (dog, human, cattle and deer) from 14 provinces, administrative municipalities and autonomous regions of China were analysed. The four hosts from which the viruses were isolated represent reservoirs and spillover hosts. Of these isolates, 25 were newly sequenced as part of this study (GenBank accession nos FJ602447-FJ602459) by using methods described previously (Meng et al., 2007) ; the remaining 30 isolates were obtained from GenBank. The year of isolation was available for all the isolates; full details are provided in Fig. 1 and Table 1 .
Estimates of the rate of molecular evolution, m (substitutions per site per year), and the time to most recent common ancestor (TMRCA) for the complete G gene alignment were obtained using a Bayesian MCMC method which was implemented in the BEAST program (available at http://beast.bio.ed.ac.uk/Main_Page). The best-fit model of nucleotide substitution for Bayesian analysis was selected with the MODELTEST software using Akaike's Information Criterion (AIC) (Posada & Crandall, 1998) . The general time reversible (GTR) substitution model, incorporating a proportion of invariable sites (I) and a gamma distribution of rate variation among sites (C4) was used for the BEAST analysis. We employed both strict and relaxed (uncorrelated exponential and lognormal) molecular clocks (Drummond et al., 2006) to explore the extent of variation in the rate of nucleotide substitution and from which we could estimate the TMRCA. According to the estimated Bayes factor (calculated by using the TRACER program), the relaxed-uncorrelated lognormal molecular clock was the best supported model. For each clock model, four population dynamic models were tested: constant population size, exponential population growth, logistic population growth and Bayesian skyline. The likelihoods of these demographic models were compared using AIC (Suchard et al., 2001) . The statistical uncertainty in the data for each parameter estimate is reflected by the value of the 95 % highest probability density (HPD). For this analysis, an input file for BEAST was generated by using the BEAUti program with sequences dated according to the year of isolation. Sequences with the same year of isolation were removed from the analysis. For each estimate, three replicate BEAST runs were performed to test the repeatability of the analysis. The BEAST output was assessed using the TRACER program. Each analysis comprised 50 million steps, of which the first 5 million were discarded as the burn-in period. This chain length resulted in effective sampling sizes of at least 200 for all estimated parameters. Samples of trees and parameters were recorded every 10 000 steps. The trees obtained from BEAST were used as input for the TREEANNOTATOR program to find the maximum clade credibility (MCC) tree.
The MCC tree of 55 complete G gene sequences is shown in Fig. 2 . The topology is similar to that of earlier phylogenetic analysis of the G gene (Meng et al., 2007) . Similarly, these sequences can clearly be classified into three major groups (designated groups I-III). Each of these groups was supported with posterior probability values .0.95. Group I included the majority of the virus isolates. This group could be subdivided further into five subclades, a-e, most of which were clustered by region: most of the samples in subclade Ia were from the three neighbouring regions of Jiangsu, Zhejiang and Shanghai, and the subclade also contained three strains from Hebei (BD06), Yunnan (Md06) and Chongqing (CQH); subclade Ib contained samples from Hubei Province; subclade Ic contained two samples from Hunan Province; and subclade Id contained samples from Anhui Province with the exception of Zt07 (from Yunnan province) and LuoH (from Henan Province which neighbours Anhui). The above four subclades correspond to the results from the study by Meng et al. (2007) . Clade Ie included samples (Fig. 2) showed results similar to those of Meng et al. (2007) . A total of five subclades were identified within group I, of which four corresponded with the data from Meng et al. (2007) , and an additional new fifth subclade was found in this study. Notably, within group I, two samples each occupied a separate branch: N11 from Guangxi Province and NC from Jiangxi Province. We considered that these two samples may be two other subclades in group I. Based on these analyses, we could cautiously conclude that there were at least seven subclades in group I of Chinese RABV. Notably, RABV strains from the neighbouring provinces of Guangxi and Yunnan were found on different groups or subclades. The complicated situation of RABV in Guangxi was described previously. Liu et al. (2007) collected 42 samples from suspected rabid animals from different areas of Guangxi from 2000 to 2005 and amplified partial N gene sequences; these sequencing data were used for phylogenetic analysis. Nucleotide homology comparisons and phylogenetic tree analysis based on these sequences indicated that all the RABV isolates could be divided into four groups. The situation was reflected in the present analysis, with the RABV samples distributed in three groups or subclades. The province of Guangxi acts as a major commercial hub, with both goods and animals being transported through the province to different parts of China (Liu et al., 2007) . This may explain in part the diversity of viruses circulating there. Neighbouring provinces such as Yunnan Province may also be affected by this phenomenon, with four samples located on four distant groups or subclades.
The mean rate of nucleotide substitution for the G gene of RABV isolates in China, estimated by using a Bayesian MCMC approach (assuming an uncorrelated lognormal molecular clock), was 3.961610 24 substitutions per site per year (95 % HPD values, 2.126-5.992610 24 substitutions per site per year). The rate is strongly concordant with previous estimates of substitution rates in the analysis of dog RABV sampled worldwide (Bourhy et al., 2008) and dog RABV in western and central Africa (Talbi et al., 2009) . By using the same approach, we were able to estimate the TMRCA of the Chinese RABV to be 596 years (95 % HPD, 272-1002 years), or sometime around 1412 (1006-1736). More recently, Bourhy et al. (2008) determined a common origin of all dog RABV circulating globally and proposed that the ancestor of these viruses existed ,1500 years ago, perhaps in the Indian subcontinent. Another recent study based on high-resolution temporal and spatial data suggested that RABV spread rapidly and continually from endemic rabies regions in Africa (Hampson et al., 2007) . According to our analysis, the TMRCA of all viruses sampled from China was estimated to be 596 years (95 % HPD, 272-1002 years), which was in accordance with the estimate from the study by Bourhy et al. (2008) . Although there have been several examples illustrating long-distance transmission of RABV due to human-mediated animal movements (Jenkins & Winkler, 1987; Windiyaningsih et al., 2004; Fèvre et al., 2006) , this analysis could not provide direct evidence to prove that the RABV in China were spread from Africa or the Indian subcontinent.
Our study used coalescent-based methods to reconstruct the molecular epidemiology of RABV in China. For the first time, we have provided evidence that RABVs circulating in China nowadays emerged several hundred years ago. The phylogenetic analysis constructed in this study provided additional data and enrich previous molecular epidemiology studies of RABV in China.
